The objectives of this study were to conduct an appropriate microbial evaluation of warm-water bidet toilet seats. Health-related advantages and disadvantages have been associated with using warmwater bidet toilet seats, which are classified according to the tank type, including tanks equipped with reservoir water heaters and on-demand tankless systems equipped with an instantaneous water heater. However, related bacterial research is sparse. Here, we performed a long-term survey of the behavior of microorganisms (i.e., the total viable count (TVC), heterotrophic plate counts (HPCs), and Pseudomonas aeruginosa count) in a university campus. We also examined the differences between the tank and on-demand types, and the origins of P. aeruginosa. A low TVC (1/mL) in the spray waters from both on-demand and tank-type warm-water bidet toilet seats showed low bacterial contamination, although there was an increase in HPC, i.e., growth of biofilms, inside in the warmwater bidet toilet seats. When P. aeruginosa was detected in spray water over an extended duration, the P. aeruginosa origin was considered as either from feces or tap water. Collectively our findings demonstrate that hygienic safety of warm-water bidet toilet seats is being maintained overall.
INTRODUCTION
Warm-water bidet toilet seats are equipped with a device that sprays warm water (spray water) on the external genitalia and anus after urination or defecation (Japan Monthly Web Magazine ). A consumer behavior survey conducted by the Japanese Cabinet Office showed that 79.1% of Japanese households have at least one such toilet seat, with every 100 households owning 110.9 units on average (effectively one per household) (Cabinet Office Government of Japan ). Broadly, two types of warm-water bidet toilet seats are available: the tank type and the on-demand type. With the tank type equipped with reservoir water heaters, the spray water is warmed to a suitable temperature in a tank with reservoir water heaters, whereas in the on-demand type tankless systems equipped with an instantaneous water heater, the water is warmed as needed inside a device with tankless, instantaneous water heaters (bidetsPLUS ) (Figure 1 ). Tanktype products are both cheaper and more common than on-demand types in Japan (Ministry of Economy Trade and Industry ).
tank and on-demand types); and the origins of P. aeruginosa from the viewpoint of preventing opportunistic infections due to P. aeruginosa. We also studied previously contaminated bidets for P. aeruginosa persistence, the age of the systems, variations over time, and the location of P. aeruginosa within the bidets. P. aeruginosa secretes a biopolymer that enables it to form biofilms and strong resistance to chlorine (Silva et al. ) . The warm-water tanks in the bidets also promote biofilm formation and long-term survival of P. aeruginosa on the inner walls of these tanks.
Our aim was to conduct an appropriate microbial evaluation of the on-demand and tank-type warm-water bidet toilet seats in this study.
METHODS

Warm-water bidet toilet seats
In a previous survey of 127 tank-type, warm-water bidet toilet seats, P. aeruginosa was detected in the spray water of only two (one men's and one women's restroom) in only one research building on a university campus (Iyo et al. ) . The cause of the P. aeruginosa water contamination was not determined. Hence, focusing on the research building containing two warm-water bidet toilet seats where Pseudomonas aeruginosa was detected in the spray water, we surveyed warm-water bidet toilet seats in 12 men's and one women's restrooms in the research building (P. aeruginosa positive) on the same university campus, in this long-term field study. However, considering the difficulty for male researchers to collect the spray water from bidet toilet seats in women's restrooms, only one female bidet toilet seat in which P. aeruginosa was specifically detected in spray water was surveyed. The toilet seats were replaced with either tank-type or on-demand type seats in accordance with the study plan. Breakdown (disassembly) analysis was performed to detect P. aeruginosa, Escherichia coli, and enterococci in the piping of the toilet seats.
Analytical methods
The levels of residual chlorine (DPD method), TVCs (CompactDry ® TC; Nissui Pharmaceutical Co., Tokyo, Japan; Figure 2 shows the timelines for the surveys of the warmwater bidet toilet seats, which were conducted between 2012 and 2016 (Surveys 1-6).
).
Survey methods
Survey 1: We followed up on the levels of P. aeruginosa in the spray water from a women's tank-type warm-water bidet toilet seat (TT-1f) and a men's tank-type warm-water bidet toilet seat (TT-1 m), wherein P. aeruginosa was detected in spray water from both in a previous survey.
Samples of spray water were collected in the morning. water quality between the toilet seat types, we used data from November for both the tank-type and on-demandtype toilet seats because data for the tank type were collected in November.
Survey 6: After confirming the P. aeruginosa levels and POT values in the spray and tank water of a women's tank-type warm-water bidet toilet seat (TT-1f) and in the spray water from a men's on-demand-type warm-water bidet toilet seat (OD-1 m), we examined the internal P. aeruginosa levels and POT values after dismantling these toilet seats. Subsequently, we prepared water piping from which tap water-derived P. aeruginosa was eliminated through microfiltration and then installed two on-demand-type warm-water bidet toilet seats (OD-1f and OD-1 m-2), using the piping. Spray water samples were collected from these seats and compared with two types of tap water as controls ( Figure 3 ). Spray water and tap water samples were tested approximately once every 2 weeks for P. aeruginosa, E. coli, and enterococci. We also dismantled seats OD-1f
and OD-1 m-2 thereafter to examine the presence and POT values of P. aeruginosa inside.
Statistical processing
While calculating the geometric means (GMs) and geometric standard deviations (GSDs) of residual chlorine, TVC, HPC, and P. aeruginosa levels, we also determined the detection limits. Statistical analysis of factors affecting the quality of spray water was conducted by performing analysis of variance (ANOVA). The quality of spray water from tank and on-demand types was compared by performing the MannWhitney U test and the non-parametric Kruskal-Wallis test.
Statistical analysis was performed using the Statistical Package for the Social Sciences, version 24 (IBM, Armonk, NY, USA). The significance level was set at P < 5%.
RESULTS
Fluctuations in P. aeruginosa levels
As indicated in Table 1 , P. aeruginosa was detected in the same two tank-type warm-water bidet toilet seats (TT-1f
and TT-1 m) that showed P. aeruginosa in a previous survey. In particular, P. aeruginosa was confirmed to have persisted for at least 2 years in the tank type warm-water showed P. aeruginosa in the spray water. One of the ondemand-type seats (OD-1 m) consistently showed low levels of P. aeruginosa in its spray water. As also indicated in Table 1 , although one of the tank-type seats (TT-2 m-2)
carried P. aeruginosa in its spray water before replacement, the bacterium disappeared after the seat was replaced with a new on-demand-type seat (OD-2 m). Thus, the only toilet seats that consistently showed P. aeruginosa were TT-1f
and TT-1 m through OD-1 m (Survey 5). As shown in Figure 4 (b), the TVCs were 1/mL in the spray water from the on-demand-type warm-water bidet toilet seats. When the TVCs were detected in the spray water, they tended to decrease as the residual chlorine levels increased. Most toilet seats (9 out of 11; 82%) that showed a TVC exceeding 1 CFU/mL were the on-demandtype seats (OD-1 m and OD-2 m) that replaced the previously P. aeruginosa-positive tank-type seats (TT-1 m-2 and TT-2 m-2). A weak negative correlation was also found between the residual chlorine and HPC levels (R: 0.491, R 2 : 0.241).
Influence of the collection time on the residual chlorine, TVC, and HPC levels Figure 5 shows the daily and weekly variations of the residual chlorine, P. aeruginosa, and HPC levels. The only source of chlorine was the tap water, and the concentration of chlorine decreased due to heating and remaining stagnant for a long period. The graph shows an inverted U-shaped pattern in which the residual chlorine levels tended to be relatively low in the morning and peak around noon before dropping towards the evening. The HPC and P. aeruginosa levels, however, tended to be higher in the morning before decreasing in the evening. This result may reflect nocturnal growth of bacteria within the water tank, with subsequent washout and dilution of bacteria using spray water tank throughout the day. Alternatively, this result may reflect an inverse relationship between bacterial and chlorine levels. However, no weekly variations were observed. The difference in residual chlorine levels between TT-1m2 and TT-2 m-2 was likely due to the frequency of use.
Comparison between tank-type and on-demand-type toilet seats
After the tank-type toilet seats were replaced with ondemand-type seats, we compared the residual chlorine, TVC, and HPC levels in the spray water. Residual chlorine level increased more in the on-demand type than in the tank type, and HPCs decreased more in the on-demand type than in the tank type (P < 001; Figure 6 ). TVCs decreased more in the on-demand type than in the tank type, but the difference was not statistically significant (P ¼ 0.148; Figure 6 ). The on-demand-type of bidet toilet seat does not have a tank with reservoir water heaters, and the residual chlorine in tap water scarcely decreases because of the low degree of residual chlorine evaporation. Consequently, the residual chlorine level in tap water was highly correlated with that in spray water (R: 0.963, R 2 :
0.926; Figure 7 ).
Origins of P. aeruginosa
We dismantled tank-type toilet seat TT-1f and on-demandtype toilet OD-1 m, both of which were consistently P. aeruginosa-positive, and analyzed the spray water (for both) and the tank water (for TT-1f). P. aeruginosa was detected near the filter in the piping and in the spray water in seat TT-1f, as well as in the piping within the nozzle and on the nozzle surface in seat OD-1 m (Figure 8 ).
The P. aeruginosa POT values (i.e., POT1 and POT2) differed between TT-1f and OD-1 m. Table 2 shows the results of an experiment performed to determine the origins of P. aeruginosa, as described in Figure 3 .
With seat OD-1f, only the tap water sample upstream of the microfilter (tap water 1) consistently showed high P. aeruginosa levels. In contrast, seat OD-1 m-2 occasionally showed P. aeruginosa in the spray water. The POT values in TT-1f
were identical with those in OD-1f, but the POT values in OD-1 m and OD-1 m-2 were similar but not identical to each other. P. aeruginosa was not detected in the water from the washbasins of OD-1f and OD-1 m-2 in the restroom where these seats were installed (tap water 2). When OD-1f and OD-1 m-2 were dismantled for further investigation, P. aeruginosa was detected in the inlet of the microfilter for OD-1f and in the spray nozzle for OD-1 m-2 (Figure 8 ). The P. aeruginosa
POT values differed between OD-1f and OD-1 m-2; in the case of the former, the POT values at the inlet of the microfilter were identical to those in tap water 1 (Table 2 ). With OD-1 m-2, P. aeruginosa was detected at the tip of the spray nozzle, but the POT values differed from those in the OD-1 m-2 spray water and tap water 1 (Figure 8 and Table 2 ). 
DISCUSSION
The ability to maintain and regulate residual chlorine is an important built-in factor for maintaining the hygiene and disinfection of spray water. Since there was no obvious change in the toilet seats surveyed over time, the observed decrease in residual chlorine was not due to deterioration of the toilet seats themselves. In this study, we only surveyed warm-water bidet toilet seats in 12 men's and one women's restrooms in the research building in our university. Further studies are needed on warm-water bidet toilet seats by age, location, and time, increasing the number of samples.
When P. aeruginosa was not detected in the spray water over an extended duration, the probability of a measurable TVC was low in both the tank and on-demand types (TT- The overall HPC levels tended to be lower in the ondemand type (3 log 10 ) than in the tank type (4 log 10 ). The lack of internal parts, such as a storage tank to heat the tap water in the on-demand type, may account for this tendency. The results of our survey clearly differed from those reported by Katano et al. () , who showed bacterial contamination in the spray water from tank-type warm-water bidet toilet seats.
Seasonal temperature fluctuations in tap water cause the residual chlorine levels to fluctuate as well (Futigami ;
Fisher et al. ). As mentioned above, the structure of Therefore, when warm-water bidet toilet seats are placed in hospital wards, sufficient attention needs to be paid to the possibility of P. aeruginosa contamination and propagation, which should include regular testing for P. aeruginosa. Thus, here, we reported a long-term survey of the hygienic conditions of warm-water bidet toilet seats in a university research building. Microorganism levels in spray water from warm-water bidet toilet seats showed that the 
